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ABSTRACT 

utilize a plunge pool in the river channel created by past spillway 
flows. Normal discharges will range from 2,000 to 4,000 cfs, (56.634 to 
113.268 cms) with an overall range of 0 to approximately 6,700 cfs 
(189.724 ems). Reservoir water surfaces vill range between elevation 
6775 and 6902. The initial bucket design proved unsatisfactory and re- 
sulted in considerable erosion in the river ch,annel. The recommended 
bucket was constructed with 2 vertical, slightly converging sidewalls 
and 2 sloping plane surfaces. An offset opening was provided in the 
right wall for discharging small, low-velocity flows. River channel 

': erosioncaused by outlet works operation will be moderate. Erosion from 
combined spillway and outlet flows will be significant, but combined 

Cham Project 

. . 



Studies  w e r e  made t o  develop a f l i p  bucket f o r  the l a r g e r  
capaci ty  o u t l e t  works a t  E l  Vado Dam t o  provide w e l l  dis- 
persed flow, f r e e  from impingement on t he  canyon wal ls ,  and 
r e s u l t i n g  i n  a minimum of r i v e r  channel erosion. 

CONCLUSIONS 

1. The preliminary design of t he  f l i p  bucket was unsat is-  
f ac to ry  f o r  t he  l a rge  range of heads and discharges. A 
l a rge  flow concentration ex i s ted  along t h e  l e f t  wall ,  and 
no v e r t i c a l  l i f t  was imparted t o  t h e  flow leaving t he  r i g h t  
s i d e  of t h e  bucket (Figure 9 ) .  



7. Single gate  operation r e su l t ed  i n  s l i g h t l y  d i f f e r e n t  
f l i p  bucket dispersion cha rac t e r i s t i c s  a t  high heads. The 
pa t te rn  appeared bes t  f o r  r i g h t  gate operation. Dispersion 
a t  low heads appea red iden t i ca l  f o r  e i t h e r  gate  (Figure 1 4 ) .  

8. The f l i p  bucket w i l l  perform s a t i s f a c t o r i l y  with excess 
t a i lwa te r  up t o  the  e levat ion 6735 (Figure : l S ) .  

9,' Spillway flows caused considerab1y';deeper erosion than 
o u t l e t  works flows of  t h e  same magnitude (Figures 1 6  and 

APPLICATIONS 



dissipator for out le t  works flows that are directed into  
the pool by a f l i p  ,'bucket (Figure 2 ) .  

in to  the r iver  :channel. 

f l i p  bucket wh&h 
wide range of  op- .:. 

was meas 



- 
and extending approxima~ely 450 f e e t  (137.160 meters) down- 
stream from the  plunge pool. The canyon walls  were cnn- 
s t r uc t ed  of concrete on w i r e  mesh, and extended from 'eleva- 
t ion  68D0 down t o  elevat ion 6680. Movable bed mater ia l  
consis t ing of 3/8- t o  1-3/4-inch (0.953 t o  4.445 am) rounded 
gravel  was used f o r  the  r i v e r  bottom. A t a i l g a t e  located 
a t  S ta t ion  12+85 provided a means of adjusting the t a i l -  
water t o  depths obtained from computed water surface pro- 
f i l e s  a t  S t a t i on  12+00 (Figures 5 and 6 ) .  

I n  a rder  t o  provide cor rec t  pressure head s e t t i ngs  f o r  the  
- model o u t l e t  works head tank, ca lcula t ions  were made ta " determine t he  l o s se s  i n  t he  prototype s t ruc tu re  upstream 

of t he  gates  f o r  various discharges. Included in t he  com- 
puta t ions  were in take ,  bend, t r ans i t i on ,  and conduit f r i c -  
t i o n  losses.  Two overa l l  loss  coef f i c ien t s  were used, one 
roviding s l i g h t l y  higher  l o s se s  than ant ic ipa ted ,  and one 
roviding s l i g h t l y  lower losses  than anticipated. These 
oe f f i c i en t s  w e r e  mul t ip l ied  by t h e  veloci ty head i n  t h e  
1-foot 6-inch (3.505-neter) diameter conduit, and the re- 

s u l t i n g  l o s s  subtracted from t h e  reservoi r  e levat ion  leav- 
ing an ava i l ab le  head which was set on the  model head tank. ,, 

= Model Deviations from Prototype 

The model o u t l e t  works tunnel  was con&ructed p r i o r  t o  the 
de lemina t ion  of t he  bottom s lope  f o r  t h e  port ion of the  
tunnel  with,varying cross sect ions.  The model i n v e r t  was 
on a s lope  of 0.02667, whereas t h e  f i n a l  prototype i nve r t  
section'was on a slope of 0.008171. The g rea te r  r e l a t i v e  
roughness i n  t he  model&/ compensated f o r  t he  s teeper  slope 
ana provided s p e c i f i c  energy a t  t he  tunnel e x i t  por td l  com- 
parable t o  t he  spec i f i c  energy of t h e  prototype f o r  mini- 
mumassumed tunnel  losses  (n = 0.,008). In order t o  obtain 
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d ,discharges. 
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The r i g h t  edge-of -the prane lay  along t h e  f l oo r  (elevat ion 
6735), s t a r t i n g  a t  t he  l e f t  wall  a t  S ta t ion  16+50.00 and ~- 
extending downstream t o  t h e  r ight .  The l e f t  edge began 
i n  the corner formed by the  .floor and wall  and sloped up-.~ 
warfi~.  along t h e  , l e f t  wall  tcY2e1evation 6750 (Figure 7). 

hor izonta l  apron a t  the  foo t  of t he  s t ruc ture .  Toe l imi -  
na t e  t he  heavy flow concentration along the  l e f t  wall ,  and 
t o  prevent flow from t h e  r i g h t  s i d e  s t r i k i n g  near  t he  foot  
of t h e  s t ruc tu re ,  t h e  study was d i rec ted  toward a design 

w h i c h  would l i f t  t he  flow evenly across t h e ' l i p  of the 
bucket f o r  t h e . l a r g e r  releases2/3/4/ - -.- and pass .small re- 

' l e a se s  through an o f f s e t  6pening i n  t he  r i g h t  wal$ 

F i r s t  Modification 

(Figure 8A). The l e f t  confining wall  was an extension of 
the'  le ' f t  approach channel waLl which turned, &5°. t o  t h e  
r i g h t  with a 30-foot ( 9 . 1 4 4 - m e t e r )  radius ,of ' curvature 



re leases  (2,000 t o  4 ,000 c f s )  (56.634 t o  113.268 tans) a ': 
,nzlativety l a rge-por t ion  of the flow was turned toward t h e  

t canyon wall. The flow appeared t o  be following a 
ec ted  l i n e  from the  in te r sec t ion  of the  two inc l ined 
e surfaces. Also, the o f f s e t  opening f o r  passing 
1 flows out  t h e  r i g h t  s i d e  of the bucket was too 

-small and allowed irater  t o  back up and cause a h y d r a d i c  
jump t o  form upstream of t h e  bucket and i n  t h e  o u t l e t  
works tunnel  f o r  re leases  i n  t h e  2,000 c f s  (56.634 a s )  

econd Modification 

s t a l l e d  (Figure 8B) : " 



i ts  performance. The f l i p  bucket l i p  and r i g h t  confining 
w a l l  w e r e  lowered i n  small  increments while making s l i g h t  
adjustments t o  t h e  pl&e surfaces  s o  as t o  maintain t h e  
same dispersion cha rac t e r i s t i c s .  

ure 10) .  The po in t  of i n t e r s ec t i on  of t h e  downstream 
end of t he  f l i p  bucket and the r i g h t  confining wall  
w a s  lowered from e leva t ion  6745 t o  elevation:6742.5. 

and extended 8.71 f e e t  (2.6548 meters) downstream t o  t h e  
r i g h t  confining w a l l .  A 2-foot-high '(60.96-cm) curb, 
which began a t  S t a t i on  16+54.06 and extended t o  t h e  r i g h t  

operat ion of Recommended aucket 

oduce a-more concentrated pa t t e rn  with t h e  jet s t r i k i n  
e r i v e r  channel ;near t he  ,end of the flip,,:bucket, 'struc- 



peared t o  provide t h e  b e s t  flow dispersion a t  t h e  f l i p  
bucket; however, the  l e f t  ga te  flows w e r e  sa t i s fac tory .  
With low-head operation, no detectktale difference was 
observed between l e f t  o r  r i g h t  g a t e  releases. No d i f -  
f i c u l t y  should be expected from s ing le  ga te  releases.  

Hydraulic Jump Upstream 0% the  F l i p  Bucket,--For small 
releases a hydraul ic  jump occurs a t ,  o r  upstream from, 
the  f l i p  bucket, o r  ia t h e  o u t l e t  works tunnel (Figure 
13). With minimum ant ic ipa ted  tunnel  losses ,  a jump 
occurs a t  t h e  tunnel  p o r t a l  a t  a release of 990 c f s  C 

(25.485 a s )  With a r e se rvo i r  water sur face  e levat ion  ,of 
6785, and a t  a r e l e a s e  of 600 c f s  (16.990 cms) with a 
rese rvo i r  w a t e r  surface~eXevat ion of 6902. With maximum 
an t i c ipa ted  tunnel  losses ,  a hydraul ic  jump occurs a t  the 
tunnel  p o r t a l  a t  a r e l ease  of 1,600 c f s  (45.307 ms) With 
a r e s e h i r  w a t e r  surface e levat ion  of 6785, and a t , a  re- 
lease of 1,000 c f s  (28.317 ems) wi$h ... a reservoi r  water .: 
surface e levat ion   of 6902: 

.--The f l i p  bucket can be 
r i l y  u n t i l  the tailwater 



rounded g rave l  placed t o  a scaled depth of 30 f e e t  
(9.144 meters) below e levat ion  6710. Tailwater f o r  t he  
erosion tests was adjusted t o  conform t o  e levat ions  shown 
on water surface p r o f i l e s  prepared by t he  Hydrology Branch 
and applied a t  S t a t i on  12+00.00 i n  t h e  model (Figures 4 
and 5i; 

.. 

Spillway Erosion .--Spillway flows of 12,000 cfs, o r  above, 
eroded t h e  model bed t o  t h e  f l o o r  of t he  box (E1.6680) i n  
less than 1 hour of operation (prototype t i m e ) .  The move- 
ment of mater ia l  i n  t he  model was so  rapid  t h a t  t o  $revent 
t h e  gravel  from f i l l i n g  t h e  sand t r a p  and s p i l l i n g  i n t o  
t h e  laboratory channel, l a rge  discharge spillway opera- 
t i o n  was r e s t r i c t e d  t o  s h o r t  t i m e  periods. The only timed 
spillway erosion test performed i n  the  model w a s  a 4,000 c f s  
(113.268 cms) re lease  f o r  a 20-hour prototype t i m e  
period (Figure 1 6 ) .  The tests showed the  model bed under- 
went considerably heavier  erosion than had been esqerienced 
i n  t he  prototype in t h a t  t h e  model bed was eroded from 
elevat ion  6720 t o  6695 i n  the  20-hour t i m e  period. Sp i l l -  
way r e l ea se s  r e s u l t  i n  much heavier  erosion than o u t l e t  
works r e l ea se s  of t he  same s ize .  With t h e  increased re- 
lease  capab i l i t y  of the  new o u t l e t  works, operation of 
t he  unal tered spillway is  not  ant icipated.  However, i f  
use of the  spillway should become necessary under flood 

/ condit ions,  the  por t ion  of t h e  flood re lease  passed by 
\ t h e  o u t l e t  works should mater ia l ly  reduce the  amount of 

erosion which wo.uld have resu l t ed  through spillway opera- 
, , t i on  alone. Photographs of simultaneous operat ion of 
/ t h e  o u t l e t  works and spillway a r e  shown i n  Figure 17. 

Out le t  Works Erosion.--Early o u t l e t  works erosion s tud ies  
resu l t ed  i n  a major change t o  t h e  hor izonta l  apron and 
c u t o f f  wall. The i n i t i a l  apron was located at  e levat ion  

cal cutoff  wall .  
(3.048 meters) . Erosion tests 

1, leaving t he  
11. T h e  apron. 
e r t i c a l  cutoff , 

shaped foundation 
10 f e e t  (3.048 
the danger of 

addi t ional  5 f e e t .  
apron t o  a i d  i n  dis- 
i n  t h a t  area.  



The mos t  adverse erosion condition f o r  the recommended 
design resu l t ed  from l a rge  low-energy flows which w e r e  
not w e l l  dispexsed by t h e  f l i p  bucket and which s t ruck 
near t h e  in te r sec t ion  of t he  apron with the surrounding 
bed material .  The erosion under these conditions w a s  

'. not  severe enough . t o  undercut t h e  apron and key, but  d id  
penetrate  t o  e leva t i an  6710 (Figure 18). 

In  t he  model, a buildup of erodible  mater ia l  immediately 
downstream of the  impact point  of the jet caused more 
severe and deeper erosion than resu l t ed  with a l e v e l  bed 
a t  the  same elevat ion.  I f  an erosion buildup occurs near  
t h e  prototype s t ruc tu r e ,  it shou ldbe  removed. Removal 
may be accomplished hydraul ical ly by ra i s ing  t he  reservoi r  
head l e v e l  and allowing t he  jet t o  strike near t h e  top  of 
t h e  buildup forc ing it downstream. 

Erosion pa t t e rns  f o r  various o u t l e t  works re leases  a r e  
,' shown i n  Figure 18. These tests w e r e  performed f o r  100 

h o u r s  (prototype t i m e )  and resu l t ed  i n  a completely s t a -  
b i l i z e d  bed condition. The r e s u l t s  of t h e  tests were 
sa t i s f ac to ry  and no detr imental  erosion should occur i n  
t he  prototype. 

Pressures on Walls of F l i p  Bucket.--Dynamic pressure mas-  
urements were obtained along the l e f t  and r i g h t  walls  of 
t he  f l i p  bucket (Figure 1 9 ) .  These pressures were rea- 
.sonably steady, with t h e  highest  occurring where t he  flow 
d i rec t ion  was changed rapidly.  The maximum f luc tua t ions  
occur near  the  f l i p  bucket-wall i n t e r s e c t i o n s  where t he  
mass and s t r u c t u r a l  damping are the highest. Also, the  
frequency of pressure f luc tuat ions  w e r e  s u f f i c i e n t l y  high 





















A. Preliminary f l i p  bucket 
des ign,  wi th  s i n g l e  
p lane  surface .  Photo 
P163-D-60686 

i!. Flow from prel iminary  f l i p  
bucket. Q-4.000 cfs 
(56.634 cms), r e s e r v o i r  
e l e v a t i o n  6880. Note flow 
s t r i k i n g  a t  end of s t r u c t u r e .  
Photo P163-D-60687 

C. Pscomended f l i p  bucket D. Flow from recomended bucket ,  
w i t h  two p lane  su r faces ,  Q-4,000 cis (56.634 cms) , 
and l e f t  and r i g h t  con- r e s e r v o i r  e l e v a t i o n  6875. 
f in ino  walls. Photo Note flow being c a s t  beyond 

s t r u c t u r e .  Photo P163-D-60689 

'AM) OUTLET WORKS F%IP BUCK13T 

!liminary f l i p  bucket des ign and performance 
. th  recomended f l i p  bucket 

1:30 Model 
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reoorvcir clc&ti& 6812.5: 
Photo P163-D-63699 

Hydraulic jump upstream of f l i p  
bucket. Discharae 820 c f s .  

8.  Hydraulic jump a t  tunnel 
~ o r t a l .  Discharae 790 c f s .  
keservoir e levat ion 6 8 0 5 . - *  
Photo P163-D-60700 

EL V A W  OUTLET WORKS FLIP BUCKET 

Hydraulic jum? upstream o f  f l i p  bucket for  small re leases .  
Outlet gates  equally opened - Recommended design 

1:30 Model 



Figure 14 
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Right g a t e  I 

operation 
photo P163-D-60701 I 

Lef t  ga te  
operation I 
Photo P163-D-60732 

1 

A. Discharge 2,000 c f s ,  r e s e r v o i r  
e l e v a t i o n  6900 

Riaht Gate - - 
operation 
Photo P163-0-60703 

L e f t  ga te  
operat ion  
Photo P163-D-60704 

8.  Discharge 1,800 cfs, r e s e r v o i r  
e i e v a t i o n  6805 

EL VADO OUTLET WOWS FLIP BUCKET 

F l i p  bucket d i spers ion  f o r  s i n g l e  g a t e  operation 
Recommended des ign 

1:30 Model 



A. Discharue 420 cfs. reservoir elevation 
6835, tailwater 16 f~e,t above normal. 
Photo P163-D-60705 

8. Discharue 1,000 cfs. reservoir elevation 
6835, tiilwater 14 feet above normal. 
Photo P163-D-60706 

C. Discharge 5,200 cfs, reservoir elevation 
6860, tailwater 12 feet above normal. 
Photo P163-0-60707 

EL VADO OUTLET WORKS FLIP BUCKET 

Flip bucket performance with high tailwater 
Recommended design 

1:30 Model 
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Figure 1 6  
Report Hyd-567 

A. River channel with contour Lines prior 
t o  a 20-how spil lway erosion t e s t .  
Photo P163-D-60708 

River channel with contour l i n e s  a f t e r  
20 hours of spi l lway operation a t  4,000 c f s  
(prototype t ime) .  Photo P163-D-60709 

EL VADO OUTLET WORKS FLIP BUCKET 

Spillway erosion s tudies  

1:30 Model 



A. Outlet  works re leas ing  7.400 cfs. with a spi l lway f low of  
. 5,500 cfs. Photos P163-0-60710 Md PL61-D-60711 

a. Oueletworks re leas ing  7.400 cfs. with ap i l lvay  flow of 
i1 .000 c fa .  Photon Pl63-D-60712 and P163-0-60713 

C. Outlet works m l s a a i n g  7.400 d s ,  with a spi l lway flow of 
16.000 cfs. Photos P163-D-60714 and P153-0-60715 

EL VILW OUTLET WORKS PLTP B U m T  

Corninad spi l lway and o u t l e t  v o d a  operation, reservo ir  
e l e v a t i o n  6902 

Recommended design 

1130 Model 





PIEZOMETER LOCATIONS PIEZOMETER LOCATlO#S 
FLIP BUCUET LEFT WALL F L I P  BUCKET RIGHT WALL 
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was developed from. mudel s tudies  t o  minimize r i v e r  channel A f l i p  bucket uas developed from model s tudies  t o m i n i m i r ~  r i v e r  channel 
d provide a a ~ i s f a c t o ~  di+rsion of flows for  the  new, eropion and provide satisfactory diapersion of rlows for the  new. 

eharged-capacity ou t le t  varks a t  E l  Vado Dam. The ou t le t  works w i l l  

ABSTRACT 

combined spillway a n d o u t l e t  i l w a  v i l l  be s ign i f ican t ,  but combined 
Operation w i l l  be n e c c s s k  only under extreme flood conditions. Opera- 
t i o n  of the  spillway elone in  net  ant icipated.  




